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Abstract—In electric vehicles, passengers sit very close to an 
electric system of significant power. The high currents achieved 
in these vehicles mean that the passengers could be exposed to 
significant magnetic fields. One of the electric devices present in 
the power train are the batteries. In this paper, a methodology to 
evaluate   the   magnetic   field   created   by   these   batteries   is 
presented. First, the magnetic field generated by a single battery 
is analyzed using finite elements simulations. Results are 
compared  to  laboratory   measurements,  taken  from  a   real 
battery, in order to validate the model. After this, the magnetic 
field created by a complete battery pack is estimated and results 
are discussed. 
 
Index Terms— Electric vehicles, batteries, modeling, magnetic 
field measurement, occupational safety. 
 
 
 
 
 
 
 
I.  INTRODUCTION 
THE  effects  of  electromagnetic  fields  (EMFs)  on  the 
human health have been investigated for decades [1-3]. 
Several studies have tried to prove the relationship between 
long-term  exposure  to  electromagnetic  fields  and  different 
health pathologies, without totally succeeding. The 
consequences of a long-term exposure to low frequency EMFs 
are very difficult to evaluate due to the uncertainty inherent in 
the  scientific  data.  On  the  other  hand,  there  is  enough 
scientific basis to state that exposure to low-frequency electric 
fields   may  cause   well-defined  biological  responses  and 
  Physiological effects[4]. 
In this context, some countries adopted a regulatory  
framework based on prevention criteria or guidelines 
developed by different institutions. These recommended 
exposure limits to EMFs are high when compared to  most 
usual  field  values  existing  in  domestic  and  work 
environments. 
With  the  recent  developments  in  hybrid  and  electric 
vehicles   (EVs),   the   evaluation   of   the   electromagnetic 
environment  in   the   interior   of   these   vehicles   becomes 
necessary [5-8]. EVs have an electric system of significant 
power, consisting of batteries, power converters and electric 
motors (besides all the connecting wires). 
 
 
 
 
In most current EVs designs, some of the components are 
located very close to the passengers (for instance, it is usual to 
place the battery pack as far as possible from the bodywork to 
minimize the risk of battery damage and its consequences in 
case of crash; this implies positioning them just under or 
behind the passenger seats [9]). Consequently, there might be 
hundreds of amperes circulating a few centimeters away from 
the occupants of the EV during accelerations or deep 
regenerative braking. 
EMFs in hybrid and EVs have been recently analyzed from 
the electromagnetic compatibility point of view [10-13]. The 
study  in  [11]  focuses  on  the  batteries  and  the  DC/DC 
converter, akin to the scope of this paper. Similarly, there are a 
few recent studies regarding EMFs and health issues in hybrid 
and EVs [5-8, 14-17]. Most of these works are based on real 
in-vehicle  measurements  (some  of  them  under  dynamic 
driving conditions), while others use numeric simulation. For 
instance, [7] and [8] present results for 11 conventional and 
electric vehicles and 10 conventional and hybrid vehicles, 
respectively. On the other hand, finite element simulations are 
used in [15-17] to analyze the MF threat and to assess the 
effectiveness of certain mitigation measures (power devices 
positioning and magnetic shielding). 
Traction  batteries  are  potentially  one  of  the  main  MF 
sources within an EV. Although they work with DC current in 
steady state, current transients due to dynamic driving and 
current ripple caused by the power converter commutations 
will undoubtedly generate time-varying MFs around the 
batteries. Moreover, batteries are usually very close to the 
passengers, and there are many of them within each EV. 
Because of all the reasons stated above, batteries might be 
equally or even more significant to total in-vehicle exposure 
than other field sources. 
The study presented in this paper was conceived to analyze 
and quantify the MF generated by the traction batteries of an 
EV, in an attempt to investigate the possible MF exposure due 
to them and to help understand some properties of this field. 
 
II.  EXPOSURE LIMITS TO ELECTROMAGNETIC FIELDS 
The most extended criteria for recommended exposure limit 
to EMFs were first proposed by the International Commission 
on Non-ionizing Radiation Protection (ICNIRP) [3]. 
Concerning static and low frequency MFs (1 Hz to 100 kHz), 
             
   
                             
     
  
special revised guidelines were published in 2009 and 2010 [4, 
18], in an attempt to include the results of the main scientific 
publications up to those years.  
In summary, ICNIRP’s reference levels for Static Magnetic 
Fields is 400 mT for general public (EVs passengers included) 
[18]. Concerning time-variant fields, reference levels to EMFs 
for general public are given in Table I [4]. As stated in [7], it 
is considered that if the exposure environment complies with 
the field reference levels then it can be assumed that the 
exposure limits, which are given in terms of in-body 
quantities, will not be breached. It is also important to clarify 
that these guidelines are not legally mandatory, and that 
become legally binding only if a country incorporates them 
into its own legislation [19].  
III. FINITE ELEMENT SIMULATION MODEL 
In a first step, a 3D Finite Element Model (FEM) was 
developed to calculate the MF induced by an EV battery 
module. Once validated, this FEM would allow for the 
estimation of the magnetic field generated by any battery pack 
(of a given battery model), regardless the number of modules 
and their physical distribution. 
A model as generic as possible is always desirable, so that it 
may be used for many different battery models. However, a 
specific FEM had to be built in this case for the sake of 
precision, since the battery geometry plays an important role 
concerning MFs. The only way to accurately model where the 
current flows through is to consider a particular battery 
geometry and its current paths. 
The modeled battery is the NHE 10-100 module from 
SAFT, with a nominal voltage of 12 V, a rated capacity of 100 
Ah at C/3, and a maximum output current of 300 A. 
Applications for this module include all-electric vehicles. 
A. Model Description. 
As the circulating currents are the only producers of MF 
inside the battery, the elements considered were the following:  
1) The cells inside the battery (10 in this case), each one 
consisting in a blue rectangular parallelepiped with two upper 
terminals, colored in red and black in Fig. 1. 
2) Two vertical cylinders that lengthen the cell terminals 
along each cell, also in red and black in Fig. 1. The purpose of 
these cylinders, which are not present in the real battery, is to 
emulate how the current distributes within a cell, as explained 
later in this section. 
3) The metal splints joining the positive terminal of each 
cell with the negative terminal of the next cell (in green). 
4) An external yellow wire (25 mm2) short-circuiting the 
battery. This wire is modeled so that its shape is similar to the 
real wires used during the laboratory tests. 
5) A box representing the external dimensions of the battery 
just for the sake of illustration. 
In order to simplify the calculations, the following 
consideration was made concerning the geometry and 
materials of the FEM1. In the NiMH battery, the current inside 
each cell is considered to flow as depicted in Fig. 2 (discharge 
mode): The current enters the cell through the negative 
terminal and goes to the negative electrodes, composed of 
hydrogen ions stored in a metal hydride structure (colored in 
black in Fig. 2). From there, the current flows through the 
electrolyte to reach the positive electrode, which are nickel 
hydroxide plates (depicted in red in Fig. 2).  
Modelling all these metallic plates (several plates per cell, 
ten cells per battery) is computationally prohibitive in a 3D 
finite element model, and breaks the purpose of the simulation 
tool. In order to simplify the FEM, the current flow in the y-
axis direction is neglected based on the following 
considerations:  
1) The distance ϒ that the current travels in the y-axis 
direction (i.e. the separation between electrodes) is 
considerable shorter than the distance χ travelled in the x-axis 
direction (i.e. the length of the electrodes). 
2) The distance ϒ is negligible when compared to the 
distance from the battery to the passengers. 
3) Within the same cell, current flows in both the y-axis 
 
1 It is important to state here that this paper does not seek to describe the 
real currents that take place deep inside a battery. As it is well known, the 
electrolyte is an ionic conductor that provides the medium for the transfer of 
charge, and it must have good ionic conductivity but not be electronically 
conductive, as this would cause internal short-circuiting. Inside a battery, 
between the anode and cathode, the amperes of current appear as a flow of 
both positive and negative atoms, whilst for the external circuit this current 
consists in a flow of electrons [20]. 
This paper focuses on the effects of those currents in terms of MF, in 
points far enough from the battery so that it is not necessary to consider the 
real nature of the current phenomena. Therefore, a conventional electric 
current convention (flow of positives charges from + to -) is used in this work. 
TABLE I 
REFERENCE LEVELS FOR GENERAL PUBLIC EXPOSURE TO TIME-VARYING 
MAGNETIC FIELDS 
Frequency (Hz) 
Magnetic field H 
(Am-1) 
Magnetic flux 
density B (T) 
1 – 8 Hz 3.2∙104 / f2 4∙10-2 / f2 
8 Hz – 25 Hz 4∙103 / f 5∙10-3 / f 
25 Hz – 400 Hz 1.6∙102 2∙10-4 
400 Hz – 3 kHz 6.4∙104 / f 8∙10-2 / f 
3kHz – 10MHz 21 2.7∙10-5 
Notes: 
- H and B in unperturbed rms values. 
- In addition, reference levels relating to tissue heating effects need to 
be considered for frequencies above 100 kHz. 
 
 
 
Fig. 1.  3D finite element model for a NiMH battery. For the sake of clarity, 
the transparency of the cells in Fig. 1 changes gradually from cell to cell. 
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